ABSTRACT Circulating H7N9 influenza viruses in live poultry markets continue to pose a threat to human health. Free-range poultry, one of the sources for these markets, are common in China as well as in many developing countries. Because the H9N2 virus could be a source of internal genes for the H7N9 virus, we conducted surveillance in free-range poultry and live poultry markets to study the evolution of H7N9 and H9N2 viruses in Eastern China. We found 28 samples positive for the H9N2 virus (a rate of 3.2%), but no positive samples for the H7N9 virus.
INTRODUCTION
Avian influenza viruses (AIVs) can cause severe disease in poultry, leading to huge economic loss worldwide (Choi et al., 2004; Li et al., 2005) . In addition, some zoonotic subtypes of AIVs, such as H5N1, H7N9, H9N2, and H10N8, can infect humans (Claas et al., 1998; Lin et al., 2000; Peiris et al., 2007; Gao et al., 2013; To et al., 2014) . Live poultry markets (LPMs) are believed to be a major source of AIVs in humans in China (Bao et al., 2013) , because most confirmed cases of human influenza have a history of exposure to LPMs or poultry. LPMs provide an ideal environment for cross-species infection and cross-subtype reassortment because many species of poultry are often kept in close proximity, and thereby play a critical role in maintaining, amplifying, and disseminating AIVs among different poultry species (Liu et al., 2003; Wu et al., 2012) .
There is evidence that free-range poultry forms one of the major sources for LPMs (Madsen et al., 2013) and might therefore be a source of many human influenza infections. Many consumers prefer free-range poultry C 2018 Poultry Science Association Inc. Received August 18, 2017. Accepted April 18, 2018. 1 Correspondence author: gmhe@bio.ecnu.edu.cn 2 These authors contributed equally to this work. because they believe that these individuals are healthier and contain more nutritional value (Yeung and Morris, 2001; Lawlor et al., 2003; Jahan and Paterson, 2007; Gunduz and Bayramoglu, 2011) , which has led to a growing market for free-range poultry (Msoffe et al., 2010) in China and in developing countries (Gilbert et al., 2006; Hafez et al., 2010) . Unfortunately, most free-range poultry have not been vaccinated, which may increase the risk of an influenza outbreak . Therefore, surveillance for AIVs in free-range poultry is imperative.
Eastern China, located in the East AsianAustralasian Flyway, is regarded as the epicenter of the regional pandemic caused by the H7N9 influenza virus (Zhao et al., 2006; Liu et al., 2013) . Gene sequence analysis of the pathogens showed that H9N2 viruses were involved in the genesis of the H7N9 virus by providing 6 internal genes. In addition, H9N2 viruses show a high genetic compatibility with other subtypes of AIVs, such as H5N1 and H10N8 (Guan et al., 1999; Ye et al., 2016) . Recently, routine surveillance has been conducted in Eastern Chinese LPMs Chen et al., 2016) but not in freerange poultry. Therefore, in this study we conducted surveillance in free-range poultry and LPMs to study the evolution of H7N9 and H9N2 viruses in Eastern China. 
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MATERIALS AND METHODS
Specimen Collection
Between January 2014 and October 2015, AIV surveillance was conducted in Eastern China, Jiangxi, Anhui, Zhejiang, and Shanghai (Figure 1 ). Oropharyngeal and cloacal swabs were collected from apparently healthy poultry, including chickens, ducks, pigeon, parrot, cuckoo, swan goose (Anser cygnoides), and goose. The swabs were stored in a viral transport medium composed of 15 μg/mL amphotericin B, 100 units/mL penicillin G, 50 μl/mL streptomycin, and 1% bovine serum albumin in Hank's balanced salt solution (pH 7.4). Samples were frozen in liquid nitrogen or dry ice for less than 48 h, transported to the laboratory, and stored at -80
• C until analyzed.
RNA Extraction and Sample Detection of AIVs
The samples of viral RNA were extracted using a QiaAmp viral RNA mini kit (Qiagen, Valencia, CA) according to the manufacturer's instructions. Reverse transcription was performed under standard conditions with Super Script II Reverse Transcriptase (Invitrogen) using the Uni12 primer 5 -AGCAAAAGCAGG-3 (Hoffmann et al., 2001) . Samples were tested with H7, N9, and H9 probed primers (shown in Table 1 ) based on World Health Organization information for molecular diagnosis of influenza viruses (http:// www.who.int/influenza/gisrs laboratory/molecular diagnosis/en/) and the previous studies (Shabat et al., 2010) , for H7N9 and H9N2 influenza A virus by real-time PCR. Testing was performed on an Applied Biosystems 7300 Real-Time PCR System (Foster City) according to the Premix Ex Taq (probe qPCR) kit (Takara) protocol. If the cycle threshold value of samples was less than 35, the samples were determined as positive.
Virus Isolation and Genome Sequencing
The positive RNA samples were inoculated into the allantoic cavity of 9-day-old specific pathogen-free embryonated chicken eggs and incubated at 37
• C. Allantoic fluid was harvested 72 h after incubation and stored at -80
• C. All manipulations of live viruses were conducted in biosafety level 2 agriculture (BSL-2AG) containment facilities. The 8 segments of the influenza viruses were amplified using specific primers (Table 1) , and the PCR products were purified with a Wizard DNA Clean-Up System (Promega). PCR products were sequenced using a BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems) on an Applied Biosystems 3730xl DNA Analyzer.
Phylogenetic and Molecular Analyses
The nucleotide sequences of the viruses were aligned, assembled, and analyzed using DNAMAN (version 8.0) (http://www.lynnon.com). The representative sequences used in this study for phylogenetic Table 1 . Primer and probe sets used forreal-time PCR for H7N9 and H9N2 detection, and PCR amplification of the genome sequences of H9N2 influenza virus.
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comparison were obtained from the Global Initiative on Sharing Avian Influenza Data (www.gisaid.org) and GenBank (http://www.ncbi.nlm.nih.gov). The neighbor-joining trees were constructed using the Kimura 2-parameter model in MEGA software version 6 (http://www.megasoftware.net/). Bootstrap values were calculated on 1,000 replicates and the values less than 70% were not shown. The sequences of these viruses in this study were deposited in GenBank under accession numbers MF164412-MF164459.
RESULTS
Virus Isolation and Identification
Between January 2014 and October 2015, a total of 876 samples were collected from the sampling sites shown in Figure 1 . A total of 750 samples were obtained from free-range poultry and 126 samples were collected from LPMs. The results showed that 28 samples were positive for the H9N2 influenza virus (3.2%, Table 2 ), but no samples were positive for the H7N9 influenza virus. To better understand the evolution and ecology of AIVs in free-range poultry, we selected 1 strain from a LPM and 5 strains from free-range poultry among the H9N2-positive samples. The samples were representative based on isolation time, host, and location. We determined the genome sequences of these viruses using an ABI 3730XL automatic DNA analyzer.
Phylogenetic Analyses
The genome sequences from the 6 H9N2 viruses were highly homologous in 8 segments. For example, the HA and NA genes shared nucleotide identities of 99.0 to 100% and 100%, respectively. The other 6 internal genes (polymerase basic protein 2 (PB2), polymerase basic protein 1 (PB1), polymerase acidic protein (PA), nucleocapsid protein (NP), matrix protein (M), and nonstructural protein (NS)) shared 99.0 to 100% nucleotide identities. Blast research showed that the 6 H9N2 strains had a close relationship with certain chicken H9N2 isolates that were circulating in Zhejiang in 2013-2014, such as A/Chicken/Zhejiang/SIC30/2014 and A/chicken/Zhejiang/C1/2013. The homology of the nucleotide sequences in the 8 gene segments within these 2 strains was 99.0 to 100% and 99.2 to 100%, respectively. We also found that the 6 internal genes had a close relationship with certain H7N9 viruses: for example we found a homology of 98.5 to 100% with A/Chicken/ Taizhou/TZJF02/2015 (H7N9) (data not shown). Phylogenetic analysis of HA and NA genes suggests that the 6 H9N2 viruses are clustered together and belong to the same sublineage. In addition, the evidence suggests that they are similar to the A/Chicken/ Zhejiang/C1/2013 and A/Chicken/Zhejiang/SIC30/ 2014 H9N2 viruses that were circulating in Zhejiang in 2013 to 2014. In the HA gene phylogenetic tree, 6 H9N2 viruses were found to cluster with the A/Chicken/Zhejiang/HJ/2007 virus (referred as HJ/2007) which is thought to be an ancestor of the G57 genotype, and belongs to the F/98-like lineage. The evolutionary pattern of the NA genes was similar to that observed in the HA genes: the NA genes of the 6 H9N2 viruses were clustered with the HJ/2007 virus and fell into the F/98-like lineage. Furthermore, we found that the HA and NA genes of some human H9N2 isolates were also clustered together with the HJ/2007 virus.
Phylogenetic analysis of the 6 internal genes showed that the H9N2 viruses were closely clustered with Zhejiang H9N2 isolates (A/Chicken/Zhejiang/C1/2013 and A/Chicken/Zhejiang/SIC30/2014). These viruses formed a sublineage together with HJ/2007-like viruses and some H7N9 viruses (Figure 2 ), such as A/chicken/ Taizhou/TZJF02/2015 (H7N9) and A/chicken/ Jiangxi/B544/2014 (H7N9). In the phylogenetic tree of ribonucleoprotein complex genes, 2 different evolution lineages were seen: G1-like and F98-like. In the phylogenetic trees of M and NS genes, the 6 H9N2 strains were also clustered into G1-like and F98-like, respectively.
Molecular Characterization
The deduced amino acid sequences of the 6 strains were aligned and compared with the representative G57 genotype of H9N2-A/Chicken/Zhejiang/HJ/2007 virus; the results showed that these isolates had the typical G57 genotype features (Table 3) . One mutation in region of M2 protein (S31N) was found, which indicated that the 6 viruses might be resistant to amantadine and rimantadine. Except for this, no other key mutations were observed in these viruses.
DISCUSSION
Free-range poultry is a major source for the LPMs (Gilbert et al., 2014) , which typically have low biosecurity measures and extensive contact with wild animals. Therefore, free-range poultry may play an important role in the outbreak of influenza virus infections via LPMs . Some literature has investigated the influence of free-range poultry on AIVs (Werner et al., 2003; Hafez et al., 2010) , but there is limited research in China. Therefore, we conducted surveillance of the H9N2 and H7N9 viruses in free-range poultry and LPMs in Eastern China from 2014 to 2015.
H7N9 virus has low prevalence across all bird populations and is significantly lower than that of H5N1 virus (Bui et al., 2017) , as well as it is rare in wild birds (Zhao et al., 2014) . H9N2 virus is the major subtype in LPMs in the Yangtze River Delta, with a positive proportion of up to 45.7% (Bi et al., 2016) . In this study, we did not find the H7N9 virus in these samples, the possible explanation is its lower prevalence in free-range poultry. The positive rate for the H9N2 virus in freerange poultry was 2.53%, lower than that of in LPMs (7.14%); thus, the higher rearing density in LPMs might provide suitable conditions for inter-and intraspecies transmission. The H9 subtype positive rate in LPM is lower than in other reports, such as in the Zhejiang and Hubei provinces during 2013-2015 (Huang et al., 2015; Chen et al., 2016) .
Our phylogenetic analysis showed that the gene sequences of these 6 H9N2 AIVs were highly homologous (99.0 to 100%) and clustered into the same constellations, suggesting that these viruses shared a common origin. It is not surprising to find related viruses from free-range poultry and LPMs simultaneously, because the free-range poultry is a major source for LPMs . The LPM suppliers also said they usually collected birds from backyards or free-range systems in subsequently became predominant in vaccinated farm chickens in China (Pu et al., 2015) . The data from our study suggested that all these 6 viruses are closely clustered with Zhejiang H9N2 chicken isolates, along with some novel H7N9 strains and H9N2 strains circulating in humans in China, belonged to the genotype G57. We did not find genotype diversity in this study, and the possible reasons are that the genotype G57 is the predominant in free-range poultry in Eastern China during 2014-2015, or our sample numbers and the geographical ranges were not large enough.
To control the H7N9 epidemic, market closures have been strictly implemented by local governments in the Yangtze River delta in China. However, free-range poultry is common in China, especially in the suburbs. For that reason, we emphasize the importance of an effective surveillance of AIVs in backyard chickens or freerange poultry in future, which may provide an early warning of influenza outbreak.
